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PHOSPHATIZED AND BUSHINGLESS PISTON AND CONNECTING ROD 
O ASSEMBLY HAVING AN INTERNAL GALLERY AND PROFILED PISTON PIN 

CROSS-REFERENCE TO RELATED APPLICATIONS 
[0001] This application is a continuation in part of U.S. Serial No. 10/607,174 filed June 
26, 2003, entitled, "Piston and Connecting Rod Assembly having Phosphatized Bushingless 
Connecting Rod and Profiled Piston Pin." 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0002] The present invention relates, generally, to a piston and connecting rod assembly 
for an internal combustion engine, and, more specifically, to such an assembly including a 
bushingless small-end connecting rod having an internal gallery and a phosphatized coating for 
use with a profiled piston pin to improve wear of the piston/connecting rod pivot point and 
reduce deformation of the pin bore. 

2. Description of the Related Art 

[0003] Internal combustion engines known in the related art may generally include, 
among other basic components, an engine block having one or more cylinders, cylinder heads 
associated with the engine block and pistons supported for reciprocal movement in each cylinder. 
The piston generally includes a body having a crown and a skirt that depends from the crown to 
define the bottom half of the body of the piston. A pin bore is formed in the skirt. The pin bore 
corresponds to a similar bore at one end of the connecting rod. A pin is placed through the 
corresponding bores to attach the piston to the connecting rod. The end of a connecting rod 
having the piston pin bore is commonly referred to as the "pin end" or "small end." The other 
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end of a connecting rod is fastened to the crankshaft at a particular location. This end of the 
connecting rod is commonly referred to as the "crank end" or "large end." 

[0004] Generally, fuel is combusted within the cylinders to reciprocate the pistons. The 
piston drives the connecting rod, which drives the crankshaft, causing it to rotate within the 
engine block. Specifically, the combustion pressure within the cylinder drives the piston 
downward in a substantially linear motion. Focusing on the movement between the piston and 
the connecting rod, the term "top dead center" refers to the location of the piston at its uppermost 
point of reciprocal travel relative to the cylinder and is a point at which the piston is at a dead 
stop or zero velocity. Correspondingly, the term "bottom dead center" refers to the location of 
the piston at its lowermost point of reciprocal travel relative to the cylinder and is also a point at 
which the piston is at a dead stop or zero velocity. During movement of a piston from top dead 
center to bottom dead center on the powerstroke, the angle of the connecting rod produces a 
force component on the side of the piston commonly referred to as, "major thrust side." On the 
other hand, during return movement of a piston from bottom dead center to top dead center 
produces a force component on the side of the piston commonly referred to as, "minor thrust 
side." As fuel is combusted within a cylinder, the piston's reciprocal powerstroke and return 
movements drive the small end of the connecting rods in a substantially linear but slightly 
rotational motion. On the other hand, the large end of the connecting rod is attached to the 
crankshaft, which drives the large end of the connecting rod in a substantially rotational motion. 

[0005] The combined linear and rotational movement of the connecting rod imposes a 
high level of stress on both the large end and small end pivot points. As between the two pivot 
points, the small end pivot point receives the greatest amount of stress, since it is adapted to 
facilitate angular movement of the connecting rod relative to the piston pin and piston skirt 
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during the cycle from top dead center to bottom dead center and back. The combination of high 
loads, temperature, gas pressure and inertial forces localized at this pivot point requires that the 
small end of the connecting rod retain heightened properties relating to strength, wear, thermal 
stress and lubrication. 

[0006] Stress imposed upon this pivot point may deform the piston pin, piston pin bore, 
and small end of the connecting rod. As a result of this deformation, the pivot point between the 
pin bore and connecting rod small end begins to scuff and wear. Scuffing in this area may lead 
to destruction of the pivot point and engine failure. 

[0007] To counter the high loads imposed upon this pivot point, and to reduce friction 
and facilitate smooth angular movement, bronze bushings are typically employed between the 
bore of the small end of the connecting rod and the piston pin. The bushings reduce friction and 
facilitate smooth angular movement at this pivot point, thereby reducing deformation. However, 
bushings add weight to this pivot point and also require additional steps in manufacturing and 
assembly, both of which are generally undesirable. 

[0008] Attempts have been made in the art to eliminate the bronze bushing from the 
assembly through the application of a protective and/or friction dampening coating. For 
example, USPN 5,158,695 issued to Yashchenko et al. on 27 October 1992, discloses a material 
composed of copper, zinc, tin and diamond powder that is used in place of the conventional 
bronze bushings. However, the material disclosed in the '695 patent is applied to the piston pin 
and piston skirt but not to the connecting rod. Furthermore, in cases where bushings are not 
used, they are generally limited to either a diesel engine or for use with a non-profiled piston pin. 

[0009] Additionally, USPN 6,557,457 issued to Heart et al. on May 6, 2003, discloses a 
bushingless piston and connecting rod assembly and method of manufacture where at least one 
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of the running surfaces between the piston pin, piston pin bore, and connecting rod pin bore 
receives a phosphatized coating. However, the Heart '457 patent teaches a phosphatized coating 
having a thickness of about eight to fifteen microns for use with a non-profiled piston pin. 
During initial operation of the engine (the breaking-in period) a portion of the phosphatized 
coating of eight to fifteen microns in thickness may be worn away. This wear increases the 
tolerances at this contact point during operation of the internal combustion engine. In addition, 
the coating that is worn away may circulate through the combustion chamber of the engine 
causing damage. 

[0010] Further, a worn coating may create an irregular contact surface area that exceeds 
the permitted tolerance, which also causes engine damage. To avoid increasing the permitted 
tolerances within this contact area, a phosphatized coated component surface may be honed so 
that it better accommodates the eight to fifteen micron coating thickness. However, in addition 
to including another step in the manufacturing process, honing the component may reduce the 
components structural integrity that can ultimately lead to premature failure. 

[0011] Accordingly, while the piston and connecting rod assemblies of the type known in 
the related art have generally worked for their intended purposes, they suffer from disadvantages 
relating to facilitating smooth angular movement at the pivot point while reducing weight in an 
internal combustion engine. As a result, there is an ongoing need in the art to improve the 
interface between the piston pin and the small end of the connecting rod, in general. 
Specifically, there is an ongoing need to reduce weight and streamline manufacturing process 
steps while retaining strength and acceptable product life of piston/connecting rod assemblies. 
Thus, there continues to be a need in the art for an improved piston pin and connecting rod 
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assembly that is both lighter and stronger than previous generations of this assembly that still 
maintains good friction and wear properties. 

SUMMARY OF THE INVENTION 
[0012] The present invention overcomes the disadvantages in the related art in a piston 
pin and connecting rod assembly that generally fulfills a need in the art for bushingless small end 
connecting rod for use in internal combustion engines. To this end, the piston pin and 
connecting rod assembly of the present invention includes a piston adapted for reciprocal 
movement within a cylinder of the internal combustion engine. The piston has a body including 
a pin bore. The assembly further includes a connecting rod adapted to interconnect the piston 
and a crankshaft so as to translate the reciprocal movement of the piston into rotational 
movement of the crankshaft. The connecting rod has first and second ends with at least one of 
the ends including a bore extending therethrough and adapted to be aligned with the pin bore of 
the piston. The assembly also includes a pin adapted to be operatively received through the 
aligned pin bore of the piston and the bore extending through the end of the connecting rod. The 
pin includes a pair of distal ends, a center portion formed therebetween and a profiled outer 
circumference that is substantially circular in cross-section with a larger diameter at the distal 
ends than at the center portion. The end of the connecting rod is aligned with the piston pin bore 
and includes a phosphatized coating, having a thickness between two and eight microns, adapted 
to facilitate relative angular movement between the bore extending through the connecting rod 
and the outer circumference of the profiled piston pin. The alignment thereby facilitates 
reciprocal motion of the piston relative to the cylinder of an internal combustion engine. 
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[0013] Alternatively, the pin may include a phosphatized coating having a thickness 
between two and eight microns. In another preferred embodiment, the connecting rod has an 
internal gallery extending between the first and second ends to direct lubricant between the first 
and second ends of the connecting rod. 

[0014] Accordingly, one advantage of the present invention is that it improves scuff 
resistance of a piston pin and small end connecting rod pivot point for preventing seizures at the 
pivot point and prolonging the life of the relative components of an internal combustion engine. 

[0015] Another advantage of the present invention is that it reduces the weight of an 
internal combustion engine by eliminating the need for a bushing at the pivot point between the 
small end connecting rod small end and the piston pin. 

[0016] Still another advantage of the present invention is that is improves lubrication at 
both the large and small ends of the connecting rod for reducing thermal stress at the connecting 
rod pivot points. 

[0017] Still another advantage of the present invention is that it reduces the cost of 
manufacturing a piston and connecting rod assembly by eliminating the need for a bushing at the 
interface between the bore of the small end of the connecting rod and the piston pin. 

[0018] Still another advantage of the present invention is that it reduces the cost of 
assembling a piston and connecting rod assembly by eliminating the need to install a bushing 
within the pivot point. 

[0019] Other objects, features, and advantages of the present invention will be readily 
appreciated, as the same becomes better understood, after reading the subsequent description 
taken in conjunction with the accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] Figure 1 is a cross-sectional environmental view of the piston and connecting rod 
assembly for use in an internal combustion assembly in accordance with the present invention. 

[0021] Figure 2 is an exploded view of one embodiment of the piston and connecting rod 
assembly in accordance with the present invention. 

[0022] Figure 3 is an enlarged cross-sectional view of the profiled piston pin employed in 
the piston and connecting rod assembly of the present invention. 

[0023] Figure 4 is a cross-sectional view of one embodiment of the piston and connecting 
rod assembly of the present invention where the connecting rod is shown having a stepped 
configuration. 

[0024] Figure 5 is a cross-sectional view of another embodiment of the piston and 
connecting rod assembly of the present invention where the connecting rod is shown having a 
trapezoidal configuration. 

[0025] Figure 6 is an exploded view of another embodiment of the piston and connecting 
rod assembly in accordance with the present invention where the profiled piston pin includes a 
phosphatized coating. 

[0026] Figure 7 is a cross-sectional view of the piston and connecting rod assembly of 
the present invention where the phosphatized connecting rod is shown having a stepped 
configuration and the piston pin bore includes a phosphatized coating. 

[0027] Figure 8 is a cross-sectional view of the piston and connecting rod assembly of 
the present invention where the phosphatized connecting rod is shown having a trapezoidal 
configuration and the piston pin bore includes a phosphatized coating. 
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DETAILED DESCRIPTION OF THE INVENTION 
[0028] The present invention overcomes the disadvantages in the related art in a piston 
and connecting rod assembly, generally indicated at 10 and 110, in Figures 1-8, where like 
numbers are used to designate like structures throughout the drawings. As shown in Figure 1, 
the present invention is particularly adapted for use in an internal combustion engine, generally 
indicated at 12. In this case, the assembly 10 of the present invention is illustrated in connection 
with a single cylinder 14 of an internal combustion engine 12 having a dual-overhead cam 
arrangement. Those having ordinary skill in the art will appreciate that the engine 12 is but one 
of the many internal combustion engines within which the present invention may be employed. 
By way of example, the present invention may be employed within a two-stroke or four-stroke 
engine. The cylinders may be arranged in an in-line, v-shaped, or flat manner or in any other 
manner commonly known in the art. The present invention may also be employed with a 
carbureted or fuel injected internal combustion engine having single or dual overhead or 
undermount cam(s). 

[0029] With continuing reference to Figure 1, the internal combustion engine 12 includes 
an engine block 16 having one or more cylinders 14, and a cylinder head generally indicated at 
18 associated with the engine block 16. Rocker panels 20 are associated with the cylinder head 
18 in a manner commonly known in the art. A piston, generally indicated at 22, is supported for 
reciprocal movement in a cylinder 14. A connecting rod, generally indicated at 24, is secured to 
the piston 22 through a piston pin 26 as will be explained in greater detail below. A crankshaft 
28 is associated with the connecting rod 24 and an oil pan 30 is associated with the engine block 
16. An intake valve 32 and an exhaust valve 33, each having valve stems 34 and valve springs 
36 are supported in the cylinder head 18 and are opened and closed via cams 38 to provide fluid 
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communication between the cylinder 14 and the intake valve 32 and the exhaust valves 33. The 
internal combustion engine 12 also includes a spark plug 40 for igniting the fuel within the 
combustion chamber 42 defined by the cylinder walls 44 and above the piston 22. Alternatively, 
or in addition, the engine 12 may include a fuel injector as a means of introducing atomized fuel 
into the combustion chamber. Thus, the present invention may be employed in connection with 
both a spark ignition or compression ignition (diesel) engine. Those having ordinary skill in the 
art will appreciate that the engine 12 also includes a number of other conventional components 
that are commonly known in the art and will not be described in detail here. 

[0030] Generally, fuel is combusted within the combustion chamber 42 of a cylinder 14 
to reciprocate the piston 22. The piston 22 drives the connecting rod 24, which drives the 
crankshaft 28, causing it to rotate within the engine block 16. Specifically, the combustion 
pressure within the cylinder 14 drives the piston 22 downward in a substantially linear, but 
slightly rotational motion. On the other hand, movement of the crankshaft 28 drives the 
connecting rod 24 in a substantially rotational motion. 

[0031] As shown in Figure 2, the piston 22 includes a body 46 having a crown 48 formed 
at the uppermost margins of the body 46 and a skirt 50 depending from the crown 48. Ring lands 
52 extend about the outer circumference of the body 46 between the crown 48 and the skirt 50. 
The ring lands 52 are adapted to retain piston rings (not shown, but generally known in the art). 
The body 46 further includes a pin bore 54 formed therein. As shown in the Figures, the pin 
bore 54 includes a substantially circular circumference. However, those having ordinary skill in 
the art will appreciate that the pin bore 54 may include a variety of shapes. By way of example 
the pin bore 54 may include a substantially oval circumference. The pin bore 54 is adapted to 
receive the piston pin 26 as will be explained in greater detail below. Those having ordinary 
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skill in the art will appreciate that within the scope of the present invention, pistons can have 
many different shapes, sizes, and other structural features. By way of example, the pistons may 
include any number of ring lands 52, or protrusions and/or recesses on the crown 48 for 
facilitating the combustion process and enhancing the power or efficiency derived therefrom. 
Furthermore, the pistons 22 may include recesses or grooves formed on the piston skirt 50 or a 
coating applied to the piston skirt 50. Still further, pistons 22 may include a burnished or 
chamfered pin bore 54. The pin bore 54 may also include side reliefs (see Figure 6) for receiving 
lubrication between the pin bore 54 and piston pin 26. 

[0032] Referring to Figures 1-3, the piston pin 26 includes a pair of distal ends 56 and 58, 
and a center portion 60 formed therebetween. While a tubular piston pin has been adopted as the 
standard for most applications, reducing the diameter in the center area of the piston pin 26 
provides a relief of the pressure on the connecting rod 24 and leads to an increase in pin bore 54 
strength. Accordingly, as shown in Figure 3, the preferred embodiment of the piston pin 26 of 
the present invention includes a profiled outer circumference that is substantially circular in 
cross-section with a larger diameter at the distal ends 56, 58 than at the center portion 60. 
Accordingly, those having ordinary skill in the art will appreciate that a piston pin 26 may be 
operatively assembled relative to the pin bore 54 and connecting rod 24 through any number of 
manufacturing processes. 

[0033] As mentioned above, the connecting rod 24 is adapted to interconnect the piston 
22 and the crankshaft 28 so as to translate the reciprocal movement of the piston 22 into 
rotational movement of the crankshaft 28. To this end, the connecting rod 24 includes a first end 
62 and a second end 64 with at least one of the ends having a bore 66 extending therethrough. 
The bore 66 defines an inner circumference. As shown in the Figures, the inner circumference of 
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the bore 66 is substantially circular. However, those having ordinary skill in the art will 
appreciate that the inner circumference of the bore 66 may also define a plurality of other shapes. 
By way of example the inner circumference of the bore 66 may be substantially oval or include a 
tapered profile. The bore 66 is adapted to be aligned with the piston pin bore 54. The end 62 
including the bore 66 further includes a bore housing 68 depending therefrom. The opposing end 
64 of the connecting rod 24 is operatively secured to the crankshaft 28 through bolts 70. While 
the standard shape of the end 62 of the connecting rod 24 is best shown in Figure 2, those having 
ordinary skill in the art will appreciate that reduced weight and improved lubrication to the bore 
66 may be achieved through employing a connecting rod 24 having a modified bore housing 68. 

[0034] For example, as shown in Figures 4-5 where like numerals, increased in 
alphanumeric sequence, are used to designate like structure, the bore housing 68a and 68b may 
taper inwardly toward the end 62 of the connecting rod 24. As shown in Figure 4, the bore 
housing 68a tapers in a substantially stepped manner, while the bore housing 68b shown in 
Figure 5 tapers in a substantially trapezoidal manner. However, those having ordinary skill in 
the art will appreciate that the alternative shapes of the bore housings 68a and 68b shown in 
Figures 4 and 5 are intended to be illustrative and not exhaustive. Accordingly, connecting rods 
24 having bore housings of all shapes are intended to be within the scope of the present 
invention. 

[0035] The combined linear and rotational movement of the connecting rod 24 imposes a 
high level of stress on the pivot point between the connecting rod 24, and the piston 22, through 
the piston pin 26. The combination of high loads, temperature, gas pressure and inertial forces 
localized at this pivot point mandates that the contact areas of the connecting rod 24, piston 22, 
and piston pin 26 retain heightened properties relating to strength, thermal stress and lubrication. 
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In the absence of such heightened properties, the pivot point between the piston 22, connecting 
rod 24, and piston pin 26 may scuff and ultimately fail Accordingly, it is important to ensure 
that the pivot point between the piston 22, connecting rod 24 and piston pin 26 remains resistant 
to thermal stress and load fatigue while maintaining good friction and wear resistant properties 
during operation of the engine 12. 

[0036] To this end, as shown in Figures 1-5, the connecting rod 24 further includes an 
internal gallery 67 extending between the first end 62 and opposing end 64. The internal gallery 
67 includes a first port 69 along the inner circumference of the bore 66 and a second port 71 
along the opposing end 64. The internal gallery 67 is adapted to direct lubricant between the first 
end 62 and the opposing end 64. Specifically, the internal gallery 67 directs lubricant between 
the outer circumference of the bore 66 and the opposing end 64 of the connecting rod 24 during 
the linear and rotational movement of the connecting rod 24 within the internal combustion 
engine 12. 

[0037] To further resist thermal stress and load fatigue while maintaining good friction 
and wear resistant properties during operation of the engine 12, the end 62 of the connecting rod 
24 including the bore 66 is adapted to receive a phosphatized coating 72. In the preferred 
embodiment, the coating 72 is a manganese phosphate solution having a thickness between two 
and eight microns. Moreover, the phosphatized coating 72 is applied to the inner circumference 
of the bore 66 so as to be interposed between the inner circumference of the bore 66 and the 
piston pin 26. The phosphatized coating 72 may be bonded solely to the inner circumference of 
the bore 66 extending through the end 62 of the connecting rod 24. However, the phosphatized 
coating 72 of the present invention is preferably applied to the connecting rod 24 by dipping the 
connecting rod 24 in the manganese phosphate solution. Nevertheless, those having ordinary 
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skill in the art will appreciate that the phosphatized coating 72 may be applied in any known 
manner. By way of example, the phosphatized coating 72 may be applied through a spraying or 
swabbing process. Furthermore, those having ordinary skill in the art will appreciate that 
components of the present invention other than the connecting rod 24 may also receive a 
phosphatized coating 72, as will be explained in greater detail below. 

[0038] An alternative embodiment of the piston and connecting rod assembly of the 
present invention is generally indicated at 110 in Figures 6-8 where like numerals, increased by 
100 with respect to the embodiment of the invention illustrated in Figures 1-5, are used to 
designate like structure. The assembly 110 of the present invention as shown in Figures 6-8 is 
substantially similar in structure to the assembly 10 shown in Figures 1-5 and so the description 
of the piston will not be repeated here except where expressly mentioned below. The assembly 
110 shown in Figure 6 is adapted for use with a piston 122 having a body 144 including a pin 
bore 154 formed therein. The pin bore 154 of the piston 122 defines an inner circumference 
including a first port 169 and side relief channels 174 adapted to receive lubrication between the 
piston pin 126 and the inner circumference of the pin bore 154. As shown in Figures 7 and 8, the 
pin bore 154 of the piston 122 is adapted to receive a phosphatized coating 172. Accordingly, 
the phosphatized coating 172 is applied to the inner circumference of the pin bore 154 so as to be 
interposed between the inner circumference of the pin bore 154 and the piston pin 122. 

[0039] With continuing reference to Figures 6-8, the assembly 110 of the present 
includes a connecting rod 124 having first and second ends, 162 and 164, respectively, with at 
least one of the ends 162 including a bore 166 extending therethrough. The connecting rod bore 
166 is adapted to be aligned with the pin bore 154 of the piston 122 and to receive a 
phosphatized coating 172. 
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[0040] As alternatively shown in Figures 7 and 8 where like numerals, increased in 
alphanumeric sequence, are used to designate like structure, the bore housing 168a and 168b may 
taper inwardly toward the phosphatized coated terminal end 162 of the connecting rod 124. As 
shown in Figure 7, the bore housing 168a tapers in a substantially stepped manner, while the 
bore housing 168b shown in Figure 5 tapers in a substantially trapezoidal manner. However, 
those having ordinary skill in the art will appreciate that shapes of the bore housings 168a and 
168b shown in Figures 7 and 8 are intended to be illustrative and not exhaustive. Accordingly, 
connecting rods 124 having bore housings of all shapes are intended to be within the scope of the 
present invention, inwardly. 

[0041] As best shown in Figure 6, the assembly 110 further includes a piston pin 126 
adapted to be operatively received through the aligned pin bore 154 in the piston 122 and the 
bore 166 extending through the end 162 of the connecting rod 124. The piston pin 126 shown in 
Figure 6 is substantially similar to the piston pin 26 shown in Figures 1-3, and has a profiled 
outer circumference. However, the piston pin 126 illustrated in Figure 6 includes a phosphatized 
coating 172. As in the case of the other embodiments discussed herein, the phosphatized coating 
172 is preferably made from a manganese phosphate solution. Accordingly, the piston pin 126 
of Figures 6-8 incorporates the alternative embodiments and/or methods of attachment to the 
piston 122 and connecting rod 124 disclosed with respect to the piston pin 26 illustrated in 
Figures 1-5 as though fully set forth with respect to the embodiment illustrated in Figure 6. In 
order to preserve the tolerance between the small end 162 of the connecting rod 124 and the 
piston pin 126, either the bores 154, 166 or the piston pin 126 may receive the phosphatized 
coating having a thickness of two to eight microns. Additionally, those having ordinary skill in 
the art will appreciate that both the bores 154, 166 and the piston pin 126 may receive a 
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phosphatized coating where the sum thickness of the phosphatized coatings has a thickness 
between two and eight microns. Thus, unlike coatings taught in the prior art, a phosphatized 
coating having a thickness between two and eight microns preserves the engineered tolerances 
between the piston pin and the pin bores associated in both the small end of the connecting rod as 
well as the piston. 

[0042] Accordingly, the present invention overcomes the disadvantages of the related art 
and improves scuff resistance of a connecting rod 24, 124 and a piston pin 26, 126 during 
operation of an internal combustion engine 12 thereby prolonging the life of the relative 
components of an internal combustion engine 12 without undue wear resulting in "out of 
tolerance" conditions. Further, the piston and connecting rod assembly 10, 110 of the present 
invention eliminates the need for a bushing at the interface between the piston pin 26, 126 and 
the bore 66, 166 through the small end of the connecting rod. In this way, the present invention 
reduces weight within an internal combustion engine 12 and reduces the cost of manufacturing 
and assembling a piston pin and connecting rod assembly 10, 1 10. 

[0043] The present invention has been described in an illustrative manner. It is to be 
understood that the terminology that has been used is intended to be in the nature of words of 
description rather than of limitation. Many modifications and variations of the present invention 
are possible in light of the above teachings. Therefore, within the scope of the appended claims, 
the present invention may be practiced other than as specifically described. 
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